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raptis et al human, will employ biases and heuristics. [2] [3] [4] A systematic review by Blumenthal-Barby and Krieger reported that 34% of studies investigating cognitive biases and heuristics in medical decision making focused on medical professionals; bias and heuristics were confirmed in 80% of these studies, thereby attesting to their prominence within medical decision making. 5 There are over 30 types of biases in decision making; the most commonly assessed ones include ambiguity aversion, anchoring, ascertainment bias, default bias, framing, overconfidence, and outcome bias. 2 The scientific literature on biases in medical decision making is mainly descriptive, thereby hindering the interpretation of causal inferences. 2 In an attempt to alleviate some of the uncertainty, the practice of medicine uses tools for risk stratification of patients and visual aids for the communication of expected outcomes based on the current available evidence. [6] [7] [8] The management of atrial fibrillation (AF), the most prevalent type of cardiac arrhythmia in adults, highlights the current paradigm of decision making under uncertainty. One of the main complications of AF is stroke. 9, 10 The risk of stroke that is associated with AF is preventable through the use of antiplatelet agents and anticoagulants, which, once prescribed to a patient with AF, are taken lifelong. 9, 10 More recently, new oral anticoagulants (NOACs) have been introduced in the market which are similar or more efficacious than the traditional comparator coumadin, and they do not require monthly blood monitoring. 11 11 Although funding varies by country and insurance status, the daily cost is approximately US$3. However, there is also a trade-off between the risk of serious complications, like bleeding, and the efficacy of oral anticoagulants. 9, 11, 12 To assist physicians in the management of AF and in guiding the therapeutic strategy, a number of risk assessment scoring systems are available to stratify the risk of stroke in patients with AF; the two commonly used and validated risk scores are CHADS2 and CHA2DS2-Vasc. [13] [14] [15] [16] [17] The CHA2DS2-Vasc score includes age, sex, history of stroke, hypertension, diabetes, vascular disease, and heart failure or left ventricular dysfunction and provides an annual stroke risk of ~1% for the very low risk and over 9.6% for those with a high risk (score of 7 points or higher). 17 Interestingly, a substantial proportion of the population falls in the low risk category (CHA2DS2-Vasc of 0 or 1), where guidelines for treatment vary and the benefits of anticoagulation are less certain. 18 Although physicians are trained to quickly recognize critical aspects of particular situations under uncertainty, 19 there is little knowledge of how they behave and the decisions they make in circumstances surrounded with unknown probability or uncertainty of outcomes. The current study aims to assess individual risk attitude (aversion to risk and ambiguity) among family physicians and whether there is any influence in their treatment decisions (anticoagulation) and recommendations for stroke prevention.
Methods Participants
Family physicians from the Greater Toronto Area (GTA), Ontario, Canada, were invited to participate in a single, monitored session to individually complete a paper-based pilot survey. The short, pilot survey included case vignettes, behavioral experiments, and validated surveys from behavioral economics, and collected physician self-reported demographics: age, sex, medical specialty, practice setting, time spent in clinical practice (%), and total years in practice.
The session was conducted in a quiet room and electronic devices were permitted for access to clinical tools routinely used in practice, to mimic the clinic setting as close as possible.
Participants completing the survey provided informed consent to participate in the study. This survey study was approved by the Research Ethics Board of St. Michael's Hospital, University of Toronto (Toronto, ON, Canada).
case vignettes
The survey had seven case vignettes involving patients with AF, with three of these case vignettes having one correct response based on the current best practice guidelines; [20] [21] [22] for each, the CHA2DS2-Vasc scores ranged from 0 to 7 (http:// www.mdcalc.com/cha2ds2-vasc-score-for-atrial-fibrillationstroke-risk/) and the case vignettes outlined common clinical scenarios, phrased from the perspective of stroke prevention at the individual level with a time horizon of 20 years and with the main outcome of interest being number of stroke-free months. The case vignettes were devised and reviewed in a face-to-face meeting of methodologists, statisticians, general practitioners, neurologists, and cardiologists.
experiments and validated surveys assessing cognitive factors
Behavioral experiments were designed to assess ambiguity aversion in the financial and health domains ( Figure 1A and B). [23] [24] [25] Ambiguity aversion is defined as dislike for events with unknown probability over events with known 
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Physician risk preferences affect therapeutic decisions probability. 24 For example, an ambiguity-averse individual would rather choose a treatment where the probability of benefits or side effects are known (even if these are somewhat unfavorable) over one where these probabilities are unknown. Specifically, physicians were asked to choose between a visual option with known 50/50 probability of winning US$400 or US$0 (Urn A, Figure 1A ) versus an option with unknown probability of the same outcomes. Gray bars represented the degree to which the winning probability was unknown (UrnB, Figure 1A ). The degree of ambiguity aversion was defined as the proportion of times physicians chose the 50/50 option over the ambiguous option involving the same outcomes. To avoid using an arbitrary criterion, we classified physicians as total ambiguity averse if they chose the 50/50 (known probability) option in each of the nine scenarios ( Figure 1A ) as we did in previous studies. 26, 27 A similar visual design and methodology were used to elicit aversion to ambiguity in the health domain ( Figure 1B ). 23 Physicians were asked to choose between "Treatment A" (50% probability of survival) and "Treatment B" (the probability of survival is unknown), with the gray bars quantifying how much is unknown about the probability of survival.
We also used a standardized survey to assess family physicians' willingness to take risk in multiple activity-related domains. The German Socio-Economic Panel (SOEP) is a validated survey that evaluates individual willingness to take risk in different domains (financial matters, own health, driving, own occupation, etc.). 28 We used questions of the form: "How would you rate your willingness to take risks in the following areas…." Areas included financial matters, driving, occupation, etc., and responses could range from 0 (not at all) to 10 (very much). The six activity domains were summed and dichotomized to low risk attitude (scores of #30) and high risk attitude (scores of .30).
Outcome measures
The primary outcome was the proportion of physicians who correctly chose initiating anticoagulation therapy for a 76-year-old man with hypertension who was recently diagnosed with AF (CHA2DS2-Vasc =3) and recommended aspirin in the emergency department.
A secondary outcome included the number of errors in decision of anticoagulation for case vignettes with CHA2DS2-Vasc =3.
statistical analysis
Descriptive statistics were completed on the physicians' demographic data, frequency tables tabulated the responses for each case vignette, and a two-sample Student's t-test was used to compare the demographic characteristics (continuous variables) with cognitive factors. We used median split (above and below the median value) to determine the association between demographic variables (e.g., age) with risk preferences and outcomes of interest. Logistic regression was completed to examine whether there was any relationship between demographic or cognitive factors and the responses provided for each case vignette and the case vignettes on aggregate. All the analyses were completed using Stata (version 13; StataCorp LP, College Station, TX, USA).
Results
The pilot survey was completed within 25 minutes by 73 participants, all of whom were family medicine practitioners (female, n=39; mean age 51.6±11.9 years). The demographics of the participating physicians are summarized in Table 1 . Three physicians (4.1%) did not complete all case vignettes.
Overall, 23.3% (17/73) of the family physicians elected not to escalate therapy to anticoagulation when indicated by best practice guidelines (CHA2DS2-Vasc =3). On the other hand, 67.1% of family physicians selected the correct therapeutic options in two or more of the three simulated case vignettes. There was no relationship observed between any of the demographic characteristics of the physicians and the correct selection of treatment in the case vignettes.
Ambiguity aversion
Ambiguity aversion was examined in the: 1) financial domain, where 65.8% of physicians selected the lottery with unknown probability for the range of all nine varying levels of uncertainty (10%-90%), and 2) the health domain, where a larger number of physicians (83.6% [61/73]) than in the financial domain selected the no treatment option for all nine unknown levels of survival (instead of the treatment with known estimates of survival and side effects). Figure 2 represents the relationship between ambiguity aversion and age, stratified into two age groups (median Figure 2 Prevalence of total aversion to ambiguity by age. Notes: The figure presents ambiguity aversion by respondent age (median split, in years). In the financial domain, physicians were ambiguity averse if they selected all 50/50, and in the health domain, physicians were ambiguity averse if they selected all treatment with known survival of 20 years and 20% side effects instead of the uncertain probability options. Abbreviation: yrs, years. 
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Physician risk preferences affect therapeutic decisions split): ,50 years and .51 years. The overall trend in both the financial and health domains are that the physicians ,50 years were more averse to ambiguity than their older counterparts (Figure 2 ; P,0.008). The multivariate analysis adjusting for demographic data and time in clinical practice revealed that aversion to ambiguity in the financial domain was associated with correctly recommending anticoagulation for the case vignettes assessing treatment of AF (odds ratio [OR] 5.48, 95% CI 1.08-27.85).
Willingness to take risk in multiple domains
The majority of family physicians (75.3% [55/73]) were not willing to take risks and had a cumulative score of #30 for all the indicators on risk aversion. Figure 3 shows the percentage of physicians who indicated $6 on the linear 10-point scale for each of the domains (where 10= "very much" willing to take risk). The multivariate analysis revealed that physicians indicating willingness to take individual risk in multiple domains (as reflected by the SOEP cumulative score .30) were less likely to make errors in the management of AF (OR 0.16, 95% CI 0.03-0.86).
28,29
Discussion
In this study we used simulated case vignettes, validated behavioral experiments, and surveys to evaluate the association of family physicians' risk preferences with treatment decisions for primary stroke prevention in the context of AF. We found that the family physicians with aversion to ambiguity were more likely to correctly recommend anticoagulation in simulated case vignettes with AF. We also found that total aversion to ambiguity was more common among younger practitioners. Furthermore, willingness to take risk (elicited by the SOEP survey) was associated with a reduction in medical errors. Medical decisions are a unique paradigm in neuroeconomics and consumer research, given that the decision makers (e.g., physicians) provide recommendations that will affect someone else instead of themselves. This phenomenon, in conjunction with physicians' biases and risk preferences, has practical implications in the selection of diagnostic and therapeutic options. 30 Our findings are in agreement with recent studies. In a study conducted by our group, an association was found between ambiguity aversion in the financial domain and therapeutic inertia in the management of patients with multiple sclerosis by specialists. 27 Similarly, Han et al found that younger physicians were more averse to ambiguity. 31 This finding may suggest that an increased exposure to medical practice, and gaining experience with treatment decisions under uncertainty, results in lower aversion to ambiguity. Yee et al found that tolerance to ambiguity was associated with optimal management (reflected by lower instrumental vaginal deliveries) and lower medical errors (P,0.006). 30 Moreover, the finding that three fourths of the family physicians in our study elected anticoagulants for the patients in the case vignettes is similar to another survey study that found 73% of general practitioners prescribing anticoagulants to hypothetical AF patients, suggesting there is a continued care gap in stroke prevention among general practitioners. 32 Recent studies showed that continuing medical education including academic detailing and personalized feedback yielded improvements in prescribing competency (knows how) or performance (shows how).
33,34
Limitations
Our study has some limitations that deserve comment: 1) this study should be seen as a pilot study given the small sample size; 2) we used simulated cases which may not truly reflect routine clinical practice; 3) the number of case vignettes is small to address specific questions regarding therapeutic agents in the management of AF; 4) given our aim of maintaining a short study, we have limited information on the physicians' reasoning process behind treatment decisions. Notwithstanding these limitations, our study applied novel concepts from neuroeconomics to better understand medical decisions in primary care.
In order to make clinical decisions, physicians combine scientific evidence, individual expertise, and a risk-benefit assessment for patients' overall utility from the potential management and treatment. Established guidelines and 
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raptis et al validated patient risk assessment tools exist to assist in the process. On the other hand, physicians should be aware that their own risk preferences affect therapeutic decisions. As such, our study constitutes the first step in understanding how cognitive factors (aversion to ambiguity) and personality attributes (willingness to take risk in multiple domains) affect therapeutic decisions in primary care. This is more relevant considering the known knowledge-to-action gaps in the management of AF despite the recent availability of novel therapeutic options (e.g., NOACs).
The next steps include conduction of a larger scale study and identification of other cognitive factors associated with suboptimal decisions and medical errors that, together, may guide the development of educational tools to optimize stroke prevention.
